In the present study, we have deployed 35 fluxgate magnetometers and 20 long-period magnetotelluric sites to derive the electrical conductivity distribution of Saurashtra region, Gujarat, India. Geomagnetic field variations (X-north-south, Y-east-west and Zvertically downward components) recorded at the above sites are investigated to obtain single-station vertical field transfer functions. Maps of induction arrows suggest that the offshore basins are more conducting than inland basins of the region. Thin sheet modelling of the induction features suggests that the anomalous behaviour is strongly influenced by the offshore and shelf edge sedimentary basins that contain thick depo centres of Mesozoic sediments. Jamnagar, Ulva and Mesozoic sedimentary basins on land are also reflected as high conductivity anomalies that could be related to the presence of carbonate/shale sediments. Release of carbon (in the form of thin films) due to thermal activity of Reunion hotspot on carbonate rich sediments may give rise to high conductivity anomalies.
THE Western Continental Margin of India (WCMI) is predominantly affected by the Marion and Reunion hotspot activities 1, 2 . Separation of Seychelles plateau from India had taken place ~65 Ma (refs 3, 4) due to Reunion hotspot activity that triggered massive Deccan volcanism in western India. The northwestern part of the Deccan Volcanic Province (DVP) consists of the Saurashtra peninsula (horst-type structure) bounded by Kachchh, Cambay and Narmada rift basins 5 . Geophysical studies carried out in the Saurashtra region, Gujarat, India indicate the presence of underplating mantle material beneath it [6] [7] [8] [9] . Seismic tomography studies denote the presence of upper mantle low velocity zone and are attributed to the thermal/chemical anomalies related to the source of Deccan magmatism [10] [11] [12] . Mesozoic sediments below the Deccan trap region are delineated using magnetotelluric (MT) methods 13, 14 . This technique serves as a guide for delineating the low resistive sediments beneath basalts. Thus, natural electromagnetic methods are used to study the deep structures of sedimentary basins in DVP. Here we develop a regional conductivity model using geomagnetic depth sounding (GDS) data. Large-scale electrical conductivity structures have been analysed using GDS studies [15] [16] [17] [18] . The regional conductance map of Saurashtra was derived by Subba Rao et al. 19 , showing offshore Surat depression and Saurashtra basins as an anomalous zones using limited sites located in south and central parts of the region. In the present study, we were able to derive the different basins in Saurashtra region due to denser network of stations and thus, enabling us to derive the regional as well as local conductivity anomaly map of Saurashtra and surrounding regions for explaining the observed induction arrows.
In the present study, GDS data (time varying northsouth (X), east-west (Y) and vertical (Z) geomagnetic field components) were acquired at 35 sites using Magson fluxgate magnetometers and from 20 long-period magnetotelluric (LMT) stations (Figure 1 ). Data analysis was carried out by selecting night-time variations to make sure that the inducing field is fairly uniform. The vertical field transfer functions summarizing the relationship between anomalous vertical field component (Z a ) and normal horizontal field components (X n and Y n ) at a frequency () are described as
where all quantities are complex. These transfer functions were computed using robust regression technique for 8-128 min periodicities 20 . Conductivity distribution at the measuring site was extracted from transfer functions through the maps of real and imaginary induction arrows. The magnitude and azimuth of the induction (real/quadrature) arrows are given by
and azimuth of the arrow as
Using Parkinson notation, we have reversed the azimuths so that the arrows point towards the region of current concentration and describe the strike directions of the conductive structures 21 . Figure 2 shows induction arrows for selected periods. Salient features of induction arrows are:
 At short periods, the magnitude of real induction arrows is suppressed over Mesozoic sediments in the central part of the array. Induction arrows in the eastern part point towards Cambay basin and in south they point towards Ulva basin and Surat depression.  As the period increases from 26 to 85 min, the orientation of induction arrows in the west and central parts of the array changes from NW to WNW direction and points towards offshore region. Induction arrows in the eastern and southern parts rotate from SE to SW direction and point towards the Surat depression.  The magnitude of induction arrows in the western part of the array is exceeding 1, indicating a large scale regional conductivity anomaly in the offshore Saurashtra basin as observed in the Kachchh array 22 . These regional induced currents follow through a narrow and elongated structure (offshore Saurashtra basin) 23, 24 apart from induction due to individual conductive structures.
The purpose of hypothetical event analysis (HEA) is to compute the anomalous vertical field (Z) related to a uniform normal horizontal field of specified polarization 25 . HEA is carried out by estimating Z from the observed transfer functions by taking horizontal magnetic field of unit amplitude and polarization ( ). Figure 3 shows HEA carried out for three different periods (8, 26 and 57 min). For 8 min, maximum response is observed at N12W and it disappears for orthogonal polarization N78E. Similarly, for 26 min, the response is maximum at N05W and minimum for N85E. For these periodicities, anomalous Z/H is observed along the eastern margin of Saurashtra that corresponds to the track of the Reunion hotspot. This anomalous behaviour is absent for 57 min (maximum response is observed for N12E and disappears for N78W), and may be attributed to the sediments and midcrustal anomaly. Presence of low-velocity zone in Cambay basin favours the occurrence of trapped fluids beneath an impermeable layer for the mid-crustal anomaly 26, 27 . Another interesting feature is that Z/H has a magnitude exceeding 1 in the western part, suggesting channelling of induced currents in the offshore basins of Saurashtra and Kachchh.
Numerical modelling has been carried out for 8 and 26 min periodicities to explain the induction arrows by adopted thin sheet modelling 28 . The sheet was assigned a thickness of 5 km and is considered to be overlying a three-layer model. The choice for the background layered structure is based on long-period magnetotelluric soundings carried out in the Saurashtra region having resistivity values of 1000 and 500 m with a thickness of about 30 and 60 km below which a uniform half space with 50 m, simulates the asthenosphere respectively 29 . In numerical modelling, an area bounded between 68-74E and 18-23N was chosen and the surface layer representing thin sheet was divided into 120  150 grids with a grid interval 5.5 km. As required by the algorithm, the anomalous domain in the sheet must be enclosed entirely by a uniform region. To minimize the artifact effects due to anomalous domain surrounded by normal structure, the grid was extended to sufficiently large distances away from the observational domain as proposed by Mareschal et al. 30 . The numerical computation was carried out to determine (a) the coast effect (due to elecrical conductivity difference between land and sea water) and (b) conductance map that explains the observed induction pattern in Saurashtra region. The calculated coast effect is shown for every site and is significantly small compared to the observed induction arrows at 26 min (Figure 4 a) . The Figure 2 . Induction arrows correspond to 8, 26 and 57 min periods. As observed, induction pattern at shorter periods is dominated by the sedimentary basins: Cambay basin (CB), Jamnagar basin (JB), Mesozoic basin (MB; within the Jasdan Plateau (JP)) and Ulve basin (UB). As the period increases, induction arrows in the eastern part rotate from ESE to SW direction and point towards Saurashtra rise (SR) and Surat depression (SD). In the central part over JP, the arrows rotate in the NW direction and point towards JB and KOB, whereas arrows in the south and southcentral part point towards UB and SD and in the western part the induction arrows in the WNW direction point towards Saurashtra offshore basin (SOB)/Saurashtra platform (SP). The 200 m bathymetry contour marks the shelf edge. possible cause could be the wider width of the shelf edge (more than 250 km). According to Biswas 5 , several longitudinal extension faults in parallel are responsible for widening of the shelf and differentiating it into several marginal basins. Figure 4 b shows the overall picture of the conductance distribution of Saurashtra region. The observed induction pattern may be explained in terms of an elongated NNW-SSE trending high-conductivity zone (CA-1) in the offshore region related to thick shelf edge sediments containing sandstone and carbonate deposits 31 , which continues as an E-W structure in the Gulf of Kachchh. Another major anomaly CA-2 was observed over Surat depression which contains organicrich shale that has undergone thermal subsidence during Deccan activity and migration of hydrocarbons to Mumbai offshore region 32 . Carbon is generated from carbonate sediments because of thermal activity related to Reunion hotspot activity. Thus, the presence of carbon and/or black shale within the sedimentary formations may be the source for conductivity anomalies CA-1 and CA-2 (ref. 33) .
Different conductivity anomalies CA-3, CA-5, CA-6 and CA-7 were observed over Ulva basin, Jamnagar basin, Mesozoic basin within Jasdan Plateau and Cambay basin with conductivity ranging from 4000 to 8000 S. These anomalies may be attributed to the sediments and precipitation from carbon-rich (CO 2 or CH 4 ) volatiles associated with underplating event. Additionally, the conductivity anomalies CA-3 and CA-5 were affected by the sea-water transgression and regression. During marine transgression and regression, a vast pile of sedimentation occurred in the northern part of Jamnagar basin (Gulf of Kachchh) and Ulva basin (Gulf of Khambhat) regions. These saline fluids and sediments have undergone chemical reaction 34 . After chemical reaction these saline fluids invaded into the landward side, causing additional source of conductivity anomalies to CA-3 and CA-5. CA-4 appears to be a transition zone between resistive blocks R1, R2 and R3. Sediments and mid-crustal anomaly in this transition zone may contribute to CA-4.
Different resistivity blocks (R1-R5) may represent volcanic plugs/recrystallization of mafic bodies that may have formed due to the rise of magma through the lithosphere due to the partial melting of the mantle (Reunion hotspot activity). This has been reflected as a shallow Moho beneath R1 in receiver function analysis 9 and shallow basement in resistivity blocks R1-R3 from deep resistivity soundings 35 . Moho depth beneath R2 and R3 (representing Porbander and Junagadh volcanic plugs) was found to increase and appeared to be a deep-seated source-based on geochemical studies 36 . Later, cooling and solidification of magma had given rise to resistive blocks: R1 over a Jasdan plateau, R2 over Porbander, R3 over Jungadh volcanic plugs, and R4 and R5 over Palitana volcanic plugs. R2 extended further north towards Dwaraka/Okha and further offshore region towards Saurashtra arch (S-arch) (Figure 1 b) . Since currents are deflected by resistive block R2 and channelled through the offshore basins, they will add to the higher magnitude of induction arrows as observed in elongated conductive structures 24 . Similar results were obtained by Arora and Reddy 37 for Valsad region, where induced currents were deflected by resistive volcanic plug or a plutonic body. The resistivity block R2 formed an arch-type structure with a deep basin in between.
Different fluids released during recrystallization of magmatic bodies are an additional source that can contribute to the conductivity anomalies observed over different basins in Saurashtra region. In the present study, conductivity anomalies (CA-1 to CA-7) are related to sedimentary basins, while resistive anomaly is attributed to recrystallized volcanic plugs/plutonic bodies (R1-R5). Offshore regional conductivity anomalies CA-1 and CA-2 are mapped from inland stations. Deploying ocean bottom MT units/ocean bottom magnetometers in the offshore region of Saurashtra and Kachchh will be helpful in deciphering out the electrical conductivity structures in more detail.
